Patients with psoriasis might have a higher risk of developing atrial fi brillation as a result of chronic infl ammation. This study aimed to investigate this association by comprehensively reviewing all available evidence. Methods: We conducted a systematic review and meta-analysis of cohort studies that reported relative risk, hazard ratio, incidence ratio or standardized incidence ratio with 95% confi dence intervals comparing the risk of incident atrial fi brillation in patients with psoriasis versus participants without psoriasis. Both retrospective and prospective cohort studies were eligible. Pooled risk ratio and 95% confi dence intervals were calculated using random-effect, generic inverse variance methods of DerSimonian and Laird. Results: Three retrospective studies with 110,568 cases of psoriasis and 5,352,817 participants without psoriasis were included in this meta-analysis. The pooled risk ratio of subsequent development of atrial fi brillation in patients with psoriasis versus participants without psoriasis was 1.21 (95% confi dence interval, 1.14-1.29). The statistical heterogeneity was low with an I 2 of 29%. Limitations: Coding-based design of the primary studies that had limited accuracy. Conclusions: Our meta-analysis demonstrated a statistically signifi cant increase in the risk of incident atrial fi brillation among patients with psoriasis.
INTRODUCTION INTRODUCTION
Psoriasis is a chronic immune-mediated skin disorder characterized by hyperproliferation of keratinocytes. It is a common disease with an estimated prevalence of 2-4% in the adult population. [1] The etiology of psoriasis is unknown but is believed to be related to the interplay between genetic predisposition and acquired factors such as smoking, obesity and excessive alcohol consumption. [2] [3] [4] T helper 1 (Th1) and T helper 17 (Th17) lymphocytes are the major regulatory cells involved in the pathogenesis. [1] Over the past decades, several epidemiologic studies have demonstrated a higher prevalence of co-morbidities among patients with psoriasis compared to the general population, especially metabolic syndrome and cardiovascular diseases. [5] [6] [7] Chronic inflammation is believed to play a pivotal role for this increased risk as several studies have illustrated the detrimental effect of oxidative stress and inflammatory cytokines on endothelial function resulting in accelerated atherosclerosis. [8] [9] [10] [11] Patients with psoriasis might also be at an increased risk of developing atrial fibrillation as the chronic inflammatory state is also increasingly recognized as an independent risk factor for this arrhythmia. [12] [13] [14] Nevertheless, the number of epidemiologic studies addressing this association is still limited. Thus, to further investigate this possible relationship, we conducted a systematic review and meta-analysis of cohort studies that compared the risk of developing atrial fibrillation in patients with psoriasis with those who did not have psoriasis.
METHODS METHODS

Search strategy
Two investigators (PU and NS) independently searched published articles indexed in the MEDLINE and EMBASE database from inception to September 2015 using the search strategy described in Supplementary Data 1. References of included studies and selected review articles were also manually searched.
Inclusion criteria
The eligibility criteria included the following: (1) Cohort study (prospective or retrospective) reporting incident atrial fibrillation, after the diagnosis of psoriasis for cases, and after the corresponding index date for controls (2) Relative risk, hazard ratio, incidence ratio, or standardized incidence ratio with 95% confidence intervals or sufficient raw data for the calculation were provided and (3) Participants without psoriasis were used as comparator.
Assessment of study eligibility was independently performed by the two aforementioned investigators. The search and literature review process were overseen by the senior investigator (WK) who served as the deciding vote for any difference in decisions between the first two investigators. Newcastle-Ottawa quality assessment scale was used to evaluate the quality of the included studies. [15] This scale assessed each study in three domains including (1) recruitment of the cohorts, (2) similarity and comparability between the cohorts and (3) ascertainment of outcomes of interest.
Data extraction
A standardized data collection form was used to extract the following information: first author's name, title of the study, year of publication, year of study, country of origin, study population, method used to identify cases and controls, method used to diagnose the outcome of interest (atrial fibrillation), number of participants, average duration of follow-up, mean age of participants, percentage of females in each cohort, confounders that were adjusted and adjusted effect estimates with 95% confidence interval.
To ensure the accuracy of the data extraction, all investigators independently performed this extraction. Any discrepancy was resolved by referring back to the original studies.
Statistical analysis
Data analysis was performed using Review Manager 5.3 software from the Cochrane Collaboration (London, United Kingdom). We pooled the point estimates from each study using the generic inverse-variance method of DerSimonian and Laird. [16] In light of the high likelihood of between-study variance, we used a random-effect model rather than a fixed-effect model. Cochran's Q-test which is complemented with the I 2 statistic was used to assess statistical heterogeneity. This I 2 statistic quantifies the proportion of total variation across studies that are due to heterogeneity rather than chance. A value of I 2 of 0-25% represents insignificant heterogeneity, more than 25% but ≤50% low heterogeneity, more than 50% but ≤75% moderate heterogeneity and more than 75% high heterogeneity. [17] RESULTS
RESULTS
Our search strategy yielded 230 potentially relevant articles (177 articles from EMBASE and 53 articles from MEDLINE). After exclusion of 50 duplicated articles, 180 articles underwent title and abstract review. One hundred and sixty-six articles were excluded at this stage since they were not cohort studies, did not report the outcome of interest (incident atrial fibrillation) or were not conducted in patients with psoriasis, leaving 14 articles for full-length article review. Four studies were excluded as they were descriptive studies without comparators while six of them were excluded since they reported the prevalence of atrial fibrillation in psoriasis cohorts, not the incidence. Four retrospective cohort studies met our inclusion criteria. [18] [19] [20] [21] However, two studies from the same group of authors used the same database (Danish National Patient Register). [18, 21] To avoid patient duplication, the study by Ahlehoff et al. was included in this review but was excluded from the meta-analysis as the study by Egeberg et al. was more comprehensive and was conducted over a longer period of time. [18, 21] Therefore, three retrospective cohort studies with 110,568 cases of psoriasis and 5,352,817 controls were included in this meta-analysis. Figure 1 outlines the search and literature review process. The clinical characteristics and Newcastle-Ottawa scales of the included studies are described in Table 1 . It should be noted that the inter-rater agreement for quality assessment was high with the kappa statistic of 0.59.
All studies did reveal an increased risk of incident atrial fibrillation among patients with psoriasis, even though one study did not achieve statistical significance. [19] The pooled analysis demonstrated a statistically significant increased risk of development of incident atrial fibrillation in patients with psoriasis compared to participants without psoriasis, with the pooled risk ratio of 1.21 (95% confidence interval, 1.14-1.29). The individual risk ratios from each study were adjusted for age, sex and co-morbidities. The study by Chiu et al. and Egeberg et al. also adjusted for current medications. [20, 21] The statistical heterogeneity was low with an I 2 of 29%. The crude incidence rate was provided in only one study which was 261.0 per person-year among cases and 202.7 per person-year among comparators. [20] Forest plot of this meta-analysis is shown in Figure 2 .
Evaluation for publication bias
Since only three studies were included in this meta-analysis, evaluation for publication bias was not performed.
DISCUSSION DISCUSSION
Cardiovascular disease is well recognized as one of the major co-morbidities of psoriasis. Previous studies have shown increased incidence of myocardial infarction, cerebrovascular accident and venous thromboembolism among these patients. [6, 22] However, the association between arrhythmia, specifically atrial fibrillation and psoriasis has not been comprehensively studied. This meta-analysis was conducted with the aim of shedding more light on this area. We were able to demonstrate a statistically significant 21% excess risk of incident atrial fibrillation among patients with psoriasis, as compared to trial participants without this disease.
The reasons for this increased risk remain unclear, clarification of which requires further investigation. However, there could be a few possible explanations: a) This association might just be the result of confounding, as smoking is an established risk factor for both psoriasis and atrial fibrillation. [2, 23] It has been shown that smoking induces an overproduction of oxidative stress and several cytokines including interleukin 1-beta and transforming growth factor alpha which are involved in the pathogenesis of psoriasis. [2, 24, 25] It is possible that the psoriasis cohorts might have included more smokers as compared to controls and thus, may have had a higher likelihood of developing atrial fibrillation. We are not able to adjust for the confounding effect of smoking as two out of three studies included in this meta-analysis did not have information on the smoking status of their participants. [20, 21] However, the third study (by Armstrong et al. did demonstrate that the frequency of smoking was not significantly different between the two groups (P = 0.2, although it did not adjust for the effect estimate for smoking either.) [19] b) As previously mentioned, coronary artery disease is more prevalent among patients with psoriasis compared with the general population. [5, 22] and since this is one of the strongest risk factors for atrial fibrillation, its higher prevalence might account for the increased risk of developing atrial fibrillation [23] c) Chronic inflammation from psoriasis could have a direct effect on initiation and continuation of atrial fibrillation. Histopathological studies of the atrium in patients with atrial fibrillation have revealed that infiltration of inflammatory cells and necrosis of cardiomyocytes are regularly seen. [26, 27] Epidemiological studies have also demonstrated higher levels of acute inflammatory markers including C-reactive protein, IL-1, IL-6 and tumor necrosis factor among patients with atrial fibrillation compared with those in sinus rhythm. [27] [28] [29] [30] The higher level of inflammatory markers is also associated with a lower success rate of cardioversion. [31] These pro-inflammatory cytokines, particularly tumor necrosis factor, have been shown to directly impact the atrial myocardium leading to structural and electrical remodeling through several mechanisms. [30, 32] Tumor necrosis factor activates the transforming growth factor-beta signaling pathway and increases the secretion of matrix metalloproteinases-2 and matrix metalloproteinases-9 from myofibroblasts which has been shown to mediate atrial structural remodeling in an animal model. [33] Platelet-derived growth factor-A which is synthesized and secreted by infiltrating mast cells promotes cell proliferation and collagen expression in cardiac fibroblasts and thus helps increase atrial fibrosis and structural remodeling. [34, 35] Electrical remodeling is also signaled by tumor necrosis factor and platelet-derived growth factor-A.
It has been shown that tumor necrosis factor could interfere with the calcium influx of pulmonary vein cardiomyocytes which could be arrhythmogenic. [36] Platelet-derived growth factor-A reduces the duration of action potential and calcium transients which is also pro-arrhythmic. [35] The combination of structural and electrical remodeling could well serve as the cornerstone for the development of atrial fibrillation.
It should be noted that depression may also play a role in the development of atrial fibrillation among those with psoriasis, as the study by Egeberg et al. found that patients with psoriasis who also had depression had a higher risk of incident atrial fibrillation compared to those without depression. [21] The major strength of this study was that systematic review and meta-analysis comprehensively combined all available data resulting in a more accurate estimated risk. We were also able to provide a temporal relationship between psoriasis and atrial fibrillation, as we included only studies that compared the risk of incident atrial fibrillation after the diagnosis of psoriasis.
Nevertheless, the study has some limitations as detailed below, and we acknowledge that the results should be interpreted with caution. a) All the included studies were conducted using coding-based medical registry which carried the risk of coding inaccuracy. The study by Armstrong et al. was the only study that verified the diagnosis of atrial fibrillation with a review of the electrocardiogram [19] b) We could not perform an evaluation for publication bias either, because the number of the included studies was too low. Therefore, we cannot exclude a possibility of publication bias in favor of positive studies c) Moreover, this study was a meta-analysis of observational studies that could only establish an association but not causality d) The possibility of detection bias also could not be excluded as patients with psoriasis might have more physician visits and thus have laboratory investigations performed more frequently leading to a higher likelihood of detection of atrial fibrillation.
CONCLUSIONS CONCLUSIONS
Our meta-analysis demonstrated a statistically significant increased risk of incident atrial fibrillation among patients with psoriasis. Further studies are required to clarify how this risk should be addressed in clinical practice.
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